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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rotor angle 
detecting apparatus of DC brushless motor which can 
detect an angle of rotor with higher accuracy without 
use of a position detecting sensor. 
SOLUTION: A motor controller 10 detects a rotor angle 
of DC brushless motor using a high frequency 
superposing part 21, an angle detecting part 25, a phase 
U current sensor 23, and a phase W current sensor 24. 
The angle detecting part 25 detects a rotor angle 9, 
when the high frequency voltages vu, vv, vw are 
respectively superposed to the command values VU-c, 
VV-c, VW-c of the 3-phase voltages with the high 
frequency wave superposing part 21, using the high 
frequency element depending on the current value IU~s 
detected by the phase U current sensor 23, the current 
value IW-s detected by the phase W current sensor 24 
and the high frequency voltages vu, w, vw. 
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TV< C4*Sf*4 0 

[0 04 7] gfc. iTSSC (2 2) 45$ (2 3) (CO: 9 
I u 4 I w*)B(,>£4, fc(T©5£ (24) ©IHKfc 

[0048] 
[&24] 



(7) ft®2 00 2-3 20 3 9 8 

11 12 
cos (cut +-§-fO ■ ,u — caafilt - Iw 

= K [-C t -m) cw(wt+^/r)cos{Ut- 5 y i coe(a)t+-|fr)coa (20-Ctft) 

+ ( / -m)coa<Wtcos(a;t+^n) +^^cos0)tco3 (2 9- cut +•§•*) J 
-K^y 1 [-cos(20>t-2a— |n)+oos(2wt-2e + -|'rr)] 
= -K 3 ^ Al sin(20)t-2g) (24) 

[0049] c ct\ utas^w^com^Tmn^m * t<ds; (25). (26) <w&k:»* air, 

S£CC«, -flft^ilL^^^SnS/c^ UfflcD^^ 10 [0 05 0] 

ccssnsmss I u i wtKDm^^tx^mss I w£fc{* [&2 5 ] 

!u=K [— (r — m) coscut— ^y- 1 cos (20 — coO ] +ludc (25) 

[0 05 1 HSU I udc: UtB<D^T-CCiSn^®« ^ [0052] 
(DWmtft. * [&2 6] 

lw=K [— ( i m) co8(oit + |-^) — 2^003(2^-^1+1-^)] +hYdc (26) 

[0 05 3 HHU Iwdc: Wtaom^CCffinS^ffi ★#*ffll>T, a-*#S0(D2{g# (2 0) (DiE&ffiCD 
©it ( V s ) <fc*&tf<D#JSffiV c £feJT©5£ ( 2 

[0 054] ±IB^ (24) ife<T©S (27) (DISCS 20 8). (2 9)ftt>Ztl j etmm?Z>Ct&VZ?> 0 

JilBS: (25). ( 2 6 ) fcJ: Siffi*0i#«:£?t* [0 055] 

IuSO'Iwi, SfiU^«JB%«BE(CI&Dfe]CjaieJiX^ [ft 2 7 ] 

sin(20)t — 20) - sin26t)tcos2 0--cos2a)tsin20 (27) 

[0 05 6 ] ^ A [ft28] 

15 

Vs = J^cos2<otcos(cot+jTc)»In-cos2wtcos(ot'Iw^t 

J cos 2om sin( 2art - 26)dt + J|cos 2 tot • cos( cot + -j ic) • Iutlc ~ cos 2cot - cos cot • Iwdc ^Jt 



2n 



= _ K 3^J^^ cos2e _l ± c|4«t sin2e j Jt 

— 

J 



+ 
0 



i/2 2 
J cos(3ax + - *) + cos(cut — 7C) % . , 

42 — Iutfc Iwdc 



it 



A. -~ 

01 4 



= K : sin 26 (28) 



[0 05 7] 



[«2 9] 



(8) 



13 



$#§32 00 2-3 20 39 8 
14 



Vc 



sin 2on cos((Dt + ^ rt) ■ Ju - sin 2cm cos ox - !w jit 
3^3 Al? . 



- Jsin 2cut sin(2a* - 28)dl Jj^sin 2cot ■ cos«w +|n) - ludc - sin 2ox cos cot • Iwdc jjt 



f l-cos4cot 



cos 28- 



sin4<ot 



sin 26 bt 



> 



2 2 
sin(3uH + -jt) + sij»(<Dt--ji) , „ 

3 2— -ludc — °* + sin Mt 



Iwdc 



= — K — - — cos 26 
<a 4 



(29) 



S#-35#*!iJI<fc LX> BgiBsS (28) iSl (29) ©SI 

nzmt $ c t ted: o . iiriaiE!£#i5ffli^ia^^#M 

[0 05 9] S/c. ±B« (2 8) {CfcOfflHLfciEK 

mmm (v s > i±i2s (29) K.&*)nmbtc$®.& 

Iffl(Vc) tPh. UT<Dl£ (30) CCi ♦) BflfgB*- * 
©a-*ftK*»fflf £c i*i-c#S. 

[0060] 

[^3 0] 



20 



n 1 . ., Vb 
0= y tan W 



(30) 



[006 1 ] U*>U t a n l M®!«B?ieiEK#«Sffi 

(v s ) &0tine&K#jRtt (v c ) ©^fctc*frs^ 
±ksc (30) sct^ia*-*© 

a-5»ftS?:gLmLfc«!:^iC, fJIBiE^#MfiI (V s ) 30 

tm&&&&m® (vc) ©scw^ii©»s*swrn 
[0062] -ec-c. m&n-zpi&mii&mt, m%. 

VB 0O829 - Vo-sWtS = Jv»' +Vo' sin (20— 2 



M!a*-*©a-*#g©Hfig<8 (0) <fc«i5£ffi (9 
a) <t©ttffiH (0-0A) {CiSGfcftffig? 1 -* £:*5$ 
(3 1) (Cg-3tvc£)i£U *tn0Map?'f?*CC*}l> 

rs*. ±tas;(30) {ctDfriaDc^^u^*-* 
©n-*#g£|?fflu &©ilW»M ^;UJ£lK«:*jiJr 

n - ^fta*W@©$i]ii^ -f f ;Hc*$ traitce- *© 
n-£ftg©Ji3£fiI (0a) io. ij|5|©i|Hj©iM 

jcfei^r »m l ttms&mmf- zic&c /cwrfeafflii 

( d - d a) £ J: 5 fcKfttBg?*- *ftg-*,> 

•cirie^-fwa-^ftg©*^ (0a) zm-xmm 

n&ommmoA) zmm?zcb<c*->x. m&<» 

(0a) zmtuL. mu-znm<Dttkmm (oa) s^ta 
*©p - *aa<t -r s c i £1$® <t-r 

[0063] 

im i ] 



*» Vvs'+vo' -2(0—8) ((o— o) w ova) — 



(31) 



[0064] #>#>S##&?JI«c BufaP-*#S# 

sw©$u©-9-'(i'^cc*jt,^r©*±fas: o 

0) {C£nM5a*-*©n-*ftg£8Lto U ;x©3Hja) 
±tas (3D (cs-^c^r^sstiircwigafiitB^^-f 

©a-*ft&*> m&*7-y->*icmmi,x. m&<om 
mv4i>>i><,c*svz> m a* - * © a - K©«i«fii 
(0a) iiffltsciw^s. cnao. uibp 

IB*- f ©D- $ftS?rif»SA< ^ai-s c i*j-c* 



[oo65]*fc, tiHBn-3?^sga#©« t mrtea 
40 ta^^-ifior, (3 2) cctn, (v S ' + 

Vc') -Cl^LTSCfflL/cAe.^fflt^CiKiO. f? 
SXlV-WfA >*iBfTIBiE5S#MfiiV s <b«HB^^ 
#M«iv c <d*$ 3 ©^kKt& or^sft-r s c <b 

[0066] 
[3^32] 



15 

A01 - 2 (0- 



(9) 



•0) w sin (20—20) 



_ Vb * cog2 9 — Vc « 8in2 0 
7 Va* +Vc* 

[ 0 0 6 7 J {IU A 8, : HteEfttB^-*,, ^TfeiC^ 

[ o o 6 8 1 */c mz*-*nmMm&Bt<osimti3 i o o 6 9 1 

#it«»fi^»^«:tt. ±flffiS; (32) tetter , [ft 3 3 ] 

(3 3) tc<fc^>iftfKlf-gLtcj:or, IWaAfltfc-SttJU * 

Afli = 2 (0 — 0) Bin (20—20) 

V&-CQS2 0— Vo-ftln2g 



2002-320398 
16 



(32) 



IV* I 

Va - CQ32 g — Vo ■ aln20 
I Vol 



( I Vd I ) > I Vc I ) 
( I Vc I ) > I Ve I ) 



(33) 



[007 0] tfc. ±SB5$ (32) CCfcOmbUfcAf? * 

, ^flf^-earia* ^tf-^**«ts or MIS*- 2 CD P - 
issmiife^jcfc^sfrie* - £©tH+j b n>9<r>-# b &® 

©GWBM£^;i-2>c£K:j:->T. BMl3*-^©a^h^ 
*©#hAfit£lf*3ttf#SC<fc£*0JiL.fc. * 

A9a= 2 (9 — 9) ♦offsets sin <29 



[0071] -ecr. BJiBP-fftSsm^Sttv ^s; 

(3 4) tC£*)*7-b*j hffi (offset) *HOitSffll, 

(S-rscitcjcor. Bir5e*-*©n-*ftg©#rtijfii 
tmmmtom^y^~j m (offset) 5 

cc. ]i9iB*-*©a-*ftK£»ffl^£c£#-r'$*. 

•h b J\> if ©sK h Afift©jl&J>£}qiilHJ I/. mi)bA>i> ©M8> 

[0 07 2] 
[f»34] 



— 29)+otfset 



Vs -00329— Vc- sln2 9 



' Vs* +Vo* 



+offset 



C34) 



[007 3] {SI/. A9, : MiBffifi^f 1 -^. 

[0 07 4] */c. ffiB*- £©a-£©'f ^i^^ 

^©^t«m^ft-ci 8 ogjgsrr?* mz&m 
iSffis#©«cj: ») iflfia*- *©fg«isiBCBiiiBiSjg&« 
lE^aar * ^-cirf b* - ^ © p - a^tb-r -5 

B?fB*-*©n-ffia5©«S©|S)**^iJ-r 
■SCittrSfcO. ftj:t)%, mrfB*-f©a-^^a 
#0 (0^^180- ) ^-Siti. 0+18 0° 

[007 5] ^S^tltefcfBflliTSfctf). 
SfcfclSS. *BS«W#6«. ii5iB* -*£&*-*© 

^ors-j d q^&£tf fto-Oitrsa*- **fM 
8P-rs«£. qttm«^(cmirs«:i«L/-cMsBci-ffta 

*ffl#l2{c J: 0 fTSB*- ^©a - ^ftfg*»tH Lfci t 

«c. ttfsa*-2©n-*©&fficc«fc9ftosiafii©iajs 

<!: q «aa^«C £ *) ft 0 * 88W©|6) * #I5J— C& 3 £ * 



©a -*©fiam;frfl-C*£ q HtCC** q ft*W?& . 

qttiia^-rs d«LBc*s dfiats^i *#r-s«WB 

40 -*©a-*#f$£l?tHb;te£S{c. StBSttfcD-* 
ft 0 SfiBI?©|6] * if«K- f ©a- *©»««: <fc ») ft 

ISfa#J®ffl<!:. ^n-ffta©»mii$e<:BtfBBq«'S«^ 

tC«fc 0ftDS»»©[6l*<!:BirsB J &-i'©a- f©S8SK: 

«fc f) ft o stiBEi?©[fi] i? *'js»r * ^.^iafuttss-c* i 
so ffliltflB^#]iaffiiKl*:i;TltfgB«»«iaK:j:«j»a- 



(10) 

17 

to o 7 7 ] -eo-c Btrs*-f ^miB^ffiillSCC^gi 
I/cist,*. Btriaq|ji«t»^{ci>rie?8S«^«^?:«L/c 
ttss-CBtrsa d - * ft s#ai^©K: <t *) nm 3 n^sai a* 

T»6ttS&0-*ag{O£;t;fc|5SfI<!:. 8£n-*ftK 
&#Mft 4 ]«ia&&#Jlil(ci£ D ■cmteiil»®atc J; *) 10 

©t#S§cc*> £*>*#iJ8t ursine*- 2©n - *©fi&ffi© 

isj#**fjsij-r5jaeifi]^«su#a?:(iA/cc i*iti»<t 

CO 0 7 8 3 frfrZ&ftWlCkll.lZ. 

ftS*friao-^fts/gj<Br— ^Kcsaffiur^/cEa 20 

0 ffltt $ ft/cii?faiE&#flMi4 ttlB&&#JlRffi£ Kit; D 

tSCiKi-jT, flrfaa-*©&ffi©ffl#£*iJBiJ-rS 
Ci*if*S. CtlK<fct). m%&*-$<0n-2ft&Z 
0~3 6 0* ©ffifflrtfcffi-r£C4#-C#£ 0 
[007 9] 

[#69!©lliS©JB»] 4%w©*»flWK»<o-««o(,» 

**-£©tftj£ig, a2«iai KswcDc^i/i/x 30 
•t- f ©fl*fr*S(iaP'r * 3 > h u-v<DM'®-7v 
»*H. ES3»a-*CDSB«©|Si**f|JWr*55F»*lli 

wr-s/cdb©^^^. ia4»Dc^7»>ux*-^©aj 

# MH?©#h Affl©{gT'&«l»I^S^ffi*»WTSft: 
Jf>©^-57t?*S. 

[0 08 0] 02KlinU/c' : e-5?3>ha-5 1 Ott. 

01 (a) Kilfc?|»DC^'>UXt-ifl© 

4. 5{cs5£*i-s®s*7 * - v 'i v turns- 

14l>5)*\ P-^2©l?iSS©i»$^f|Sj'rS)Sq# 40 

-etas. 

[0 08 1 ] ^L-r. ha-7i o«> jt-fls 

*»&^*6ft&dwitt?fciifcft*ttak («t. dim 
ei&co) ©jg^fii-cs.5 1 d_c4q«a«H : -«c«£ti 
•ssai (wt. q#*ij£4t^) etgnHrab& 1 q_ 

ci*, HI$«C *-*i© 3 ffl©«8W-CCjS5tl*Sa5© 
fcWffifr S> 3 tB/d q 0 nm Ofc d $4*ifc©tfc 

ffiffi-C** I d_s 4q«««E©«iaiiT*S I q_s 50 



$$532 0 0 2-3 2 0 39 8 
18 

4tc. -ett-en-a-f sj^tc. *-* i©3ta©sts 

[008 2 ]*-f3>ha-7l0«. dtHHtiF-tc 
Efflirr*«E <6TF. dMEiV^) ©ii^ffi-C*-6 
Vd_ciqlW»^{cE|«irr 4«BE («T. q#«ff 
4t»-5) ©||7nfi-C*iVq_c 4*. U. V, W©3 

ti©st5 J f«cEn»ar-5)®E©jg7nfiir*-2 > vu_c. v 

V_c. VW_cK:^-rSdq/3ta^^gP2 0. d 
q/3fflg!JfeSB2 0^6Hl*3n€>VU_c, vv_ 
c. VW_c«C, -en^tliS^igSJEvu, vv. vw 

fctB^-r*) . mmxM&mE.*mmstittvv_ 

c, VV_c. VW_c«CIt.CfcmffVU. vv. vw 
^DCr^S'U**-;* 1 ©U, V. W©£*g©m»-?- 
K.^ti^ntm-t : h^ t 7~ h 2 2 (##6 

38©®IEPflD^©CctBi!rrS) 
[008 3] 3 t-$3>hn-7l0tt. DC 

1 ©UtB CSftHOJ* 1 tBKtBST 
£> ©*«-7-K:S!EtiSSiSfe%*im^-4UtB««-fe>-9-2 

3 (*ffcH©SlS«E«lta^©{C«^^S) . DC^5 

s^ux*-* i©w*b ottttgoaretBccffis?*) © 
««^«:an4«aE*«im-r4wffl«aE-fe>*2 4 (* 

#KB©J&21iffifcffl#gttctB^-r-5) . UtB^isSH2>ir- 
2 3 <D&t)immm I U_ s 4 WtBSifc-te>1J- 2 4 ©tarn 

sssffli w_s i4m>rD-ifiiee4i*H»-ifls 

&fflg|52 5. I U_s4 IW_s4£fl§t>T I d_s4 
I q_s 4*#U}-TS3tB/d q^&SB2 6. RVdW 

4 q wra-c^ i& *> &m&&j]<D&w*mn-f!>m* 

[0 0 8 4] t-^3^hd-7 1 0«. dW^fiR©f§ 
<&<»I d_c4t^WfiiI d_s 4*01«»g2 8-C« 

*u -e©«»Mm{cMi©p ismtff2 9 -cp i <tb 
toa*«st . i mnm3 o -c^^«»*fln 

»l/r. I d_c4 I d_st<Otmtcm01tdWSBE 
©}g<&ffl V d_ c 

[0 08 5] *-^rj>hD-^l 0«. PI««C 

*2«»«3i'cs»o. *<Dmm&i&cm2<DP im 
»gp3 2-cp inamzteL. m2nmm3 3v»=mat 

ft*imisX % I q_c4 I q_s4©«^«:jt.C/cq 

tt^ff oflMHi v q _ c *^-r s. 

[0086] -tUr. *-$3>hP-5 10B. dtt 
®E©fg^<lV d_ c 4 q NWEEOffi^ff V q _ c 4 * 
dq/3+B^»g|52 OKA^-TS. Ctl(CJ:>). ^7- 
K7-f^vh2 2*Mt. di*®£©}g^fiil d 
_c 4^W0I d_s 4©(B^> SCXqf4SiJg©Jg^«a 
I q_c«(HfiI q_s4©<SH*»??g-r4J:^tc > 
DC^5^UX*-» l©St9l^-{c3tB«ffVU. V 

v. vwaigunsn. dc^'>ux*-3» lonofr 



13 



[0087] CC-C. 3ffl/dq£&aS26«. UtlfiS 
j£-te >t>- 2 3 ©tfcW*ifciI IU_si. WtUfifc-fe >-»*- 
2 4©^Hl«i6<iI W_s U-Zft&d tfrh&Sb [0088] 

im<D&mm a_ s tq«««E<D«imffii q_s<t [»3 5i 

£. JWT©5£ (35) £3$ ( 3 6 ) *>6gffl-r*fc#. * 

id =v r 2{lu-sin (0+Jtt) -lw - sin©} 

[0 089] * * [836] 

iq =/"2-[ lu • cos(0+-|-nr) — lw • cosej- 



(U) #§92002-320398 

20 

**-5ra>ha-7 1 O«D-5ffte0*^a-r^»S 



(35) 



(36) 



[0 09 0] -ecr. t-53>hn-7 1 Oti. U!/ 
2 0^6m^Sn*U. V. WtatcEnJDD-T'S^EE©^ 

tiivu_c, vv_c. vw_c*c*ti/t\ jas^jgEsa 

SU2 l*^tb^$n.5iS^Sffivu. vv. vw (mf 
IBSC (1 9) #RS) i^ftlStSCttCfcotO 

[0 09 1 ] -Tfefe^. m3ttl»S3 4-CVU_cOCv 
u«2n*U S&4flDi¥g3 5TVV_c&Cv vfcflpg 
L. »5ttI»S3 6-CVW_c«:vw*»lSE-r? > . ^0 20 
r. ftgtfcttJg|S2 5tt. BMfEvu, vv, vw£ 

«gL-/t£*«:. utamss-fe>-9-2 3«cj;»3^m3n^ 
u_ s <twtBm^i2>if2 4{cj:»)^ta3n5 
®siiw_si*ffli,>t, a-^ge^&m-r*. 

[0092] fete. ftgtfcffigiS2 5 1*. 

8Kf£ttig|52 5. /<v-F^^ai» F2 

2. i^&asgis2 i . ufflm«E-fe>-9-2 3, .Rcma 

^•fe>-^2 4(C«tO*^©DC^7^U^*-^© 
2 1 ±£S&Wg)52 5 £(Cj:*a-*#S6l<Dtfcffi#ig* 



[009 3] ftSfeltijSi52 5tt. ±5$Ufc5$ (2 8) £ 
5£ (2 9) Ol u£ I wit. UtBmi£-te>-9-2 3K:J:»3 
tfcfflSttfclSifcfill U_s £W*I®jfE-fe:>-?2 4tC,J:9 

«iai3n/c®ss«ii w_s£^n-enftAu (2 

8) £5£ (2 9) ©&)(cS5^SggP2 1 (CfcOSS;* 
*lfciSJi&«Evu ,v v, vwCDftSSco^AL 
T. o-*fcg0©2teft©IE&#M<»V s £#&#M 
<BVc£«rgCUl-r*. fete, 5$ (2 8) £5$ (2 9) K 
tetf£co Ut-X>T©s in. co s fi£»^*#£HJ0DS 

[0094] fete. ±!B5£ (28) £5$ ( 2 9) TB. 
S#JWPi8£0~2 7r/co£l,r. I u £ I w©i[ijfy£9' 
(Iudc. Iwdc) tCBg-rSSI^tt^OCCfeiJi^KLfc 

*». luii w*seau«»***r. ±ie^ (22). 
(23) (DB-cmstizm&icit^ «t©5£ (37). 

(3 8) (C^GfccfcSCC. MKO-s/ailT 

[0 09 5] 
[&3 7 ] 



V8=J*^{eos2a»tco8 (<ot+-|-jf)- lu-C082<utco»ait lw}dt 

--k ^^-f^jf cos2<»toin(2<t>t-2e)c* 

= -K 3 ^2 A ' co82a>t(sln2fl)tcoe2e-coB2tt»l8in2a) t « 
= _ K 3Z|Al^ [2£^ 00,28 -llS^t^jdt 

= K 3 ^ A, »ln2g (37) 



[0096] 



[&3 8] 



(12) 0 0 2-3 2 0 39 8 

21 22 

Vc= -J^{sln2«otces (a>t+ "J- if)- lu -sln2cuteoetut lw}dt 
=-K 3 ^ A ' Xf sin2oitsln «cut-2e)dt 
= K 3 ^ A ' J» aln2a»t Csln2a>tcos29-cos2a>tsln2e)dt 

= K LO^i 0032e (38) 



[009 7)^17. ftfiE«HH3P2 5«. gtfJl / ;fciE& 
#JHBV s t&&gmmv ci*6. «T©5£ (39) 

[0 09 8] 
[#3 9] 

6 - y tan 1 ^ (39) 

[0 09 9] C<Dm£. I©*-*'*-?-*-*** 

^l»u-c4>±iafBS; (2 8) <tiC (2 9) tcio^ms 

*l£iES2#MIV s <t£&#J©fiIV c <t©Jt*«^P» 
&<,>©•?. ±IB5£ (3 9) (CtSO-i'MecOilHK 

[0100]Sfc, a-* 2©=Fi>5> 7"©^ 
*©^a&«a-*ftae>©i/2©mi!&©-c t s^Stt 
©iSDc^t/uxt-^©^ mmft-co~i8 

0* Xttl 8 0-3 6 0' ©*8B-C©ftg?JU?#«Jtfc-C 

*o>tc#>, o~3 6 0' ©©ffl-ca-*ftKe* 

t8iti-rSfciDfc:«. n-^2CDfi8fii<D(Sj^**lJ^J-r-5«i 

[oioi] corns. qwmm+icmfoztiLLXatb 
■fit* {u-$2owG<D®m-fifo) icttmz&csaz 

Al (U. V, W<D^B<oae-r>^5'^>X<Ditiife^ 
1 ©£«>#) #**<tt3. *MKcJ:»)£Cfc« 
W©ft# i SSSfC J: 0 £ 0 fcfiBW©ft ft *5&T * 

[0102] ZOtcih. A 1 ©flltcj: Ogftf £IE&# 
JSMBVs£&&#Jf8ffiVc (±ffi5£(2 8) ,(2 9) 

Kj^ntHStt*) *>6«t©^ (4 0) mmiom 

©iB«. n - * 2 *ifjg2IS?a«.@«:* Sit t Mri&m 

«n#£uc& a i * i r «a-r •*>. 

[0103] 
[#4 0] 

A » J Vs'+Vc' (40) 

[0 10 4] DfctfoT. ftS^tBSP2 5« > 
«gP2 1 CCiOKJi&iSEvu. vv, vwiii-TS 



£*K: q M«i^(C9f]£<DttfiW}inii!k«i!k vtcvtmic 
*JW -5Wtg®iSl-fe>1f 2 4 t UffiSifc-tzVtf 2 3 ©&ffl 
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